GnRH regulates reproductive functions through interaction with its pituitary receptor in vertebrates. The present study demonstrated that the leopard gecko possessed two and three genes for GnRH ligands and receptors, respectively, though one of the three receptor subtypes had long been thought not to exist in reptiles. Each receptor subtype showed a distinct pharmacology. All types of ligands and receptors showed different expression patterns, and were widely expressed both inside and outside the brain. This report also shows a comparison of the pituitary and ovarian GnRH systems in the leopard gecko during and after the egg-laying season. All three receptor subtypes were expressed in both the whole pituitary and ovary; however, only one receptor subtype could be detected in the anterior pituitary gland. In situ hybridization showed spatial expression patterns of ovarian receptors, and suggested co-expression of multiple receptor subtypes in granulosa cells of larger follicles. Co-transfection of receptor subtypes showed a distinct pharmacology in COS-7 cells compared with those of single transfections. These results suggest that distinct signaling mechanisms are involved in the pituitary and ovarian GnRH systems. Seasonal and developmental variations in receptor expression in the anterior pituitary gland and ovarian follicles may contribute to the seasonal breeding of this animal.
Introduction
Gonadotropin-releasing hormone (GnRH) was originally identified as a hypothalamic decapeptide, which stimulates pituitary gonadotropes to synthesize and release gonadotropins (Matsuo et al. 1971 , Burgus et al. 1972 . The notion that multiple types of GnRH ligands and receptors are distributed in a wide range of tissues has become generally accepted. Thus, GnRH is thought to have diverse physiological functions in addition to the facilitation of gonadotropin secretion (Millar 2003) .
In our previous studies, a GnRH ligand and a GnRH receptor (GnRHR) were identified in a reptile, the leopard gecko Eublepharis macularius (Ikemoto & Park 2003 , Ikemoto et al. 2004 . Regarding the GnRHR, there were only trace levels of expression in the pituitary gland. This raised the question of whether this animal has at least one more GnRHR subtype highly expressed in the pituitary gland. The present study aimed to determine whether this species possesses multiple isoforms of GnRH ligands and receptors.
This report also describes the comparison of GnRH systems in the anterior pituitary gland and ovary in the leopard gecko. The expression of GnRHR in the ovary is well conserved in vertebrates. This may indicate that GnRH affects the ovary directly via the gonadal receptors as well as indirectly via the pituitary gland. Therefore, this study also aimed to compare the ovarian GnRH system with the pituitary one in this reptile.
The regulation of gonadal GnRHR expression during gametogenesis is poorly understood. The ovary of the adult leopard gecko is an ideal model for studying gene expression changes during follicular development and across seasons, as the large preovulatory follicles are arranged in a hierarchy according to size and the development of these follicles is tightly regulated. The preovulatory follicles mature from a very large pool of non-yellow yolk-containing oocytes of less than 1 mm diameter. Follicles are designated F 1 , F 2 , and so forth, according to descending diameter. The largest follicle, designated F 1 , is fully vitellogenic during the egg-laying season and will be ovulated next. Therefore, seasonal changes of GnRHR expression were examined in each type of ovarian follicle of the leopard gecko.
Materials and methods

Animals
Reproductively active leopard geckos of 1 year of age were studied. Animals were hatched in our laboratory and their incubation temperature was 29 8C. Animals were maintained at 29 8C with a long day photoperiod (14 h light and 10 h dark) during the egg-laying season and at 18 8C with a long day photoperiod after the egglaying season. Animals were provided with crickets, water, and powdered calcium supplement available ad libitum. Animals were killed by rapid decapitation. Tissues and organs were immediately dissected, frozen in liquid nitrogen, and stored at K80 8C until use. Vitellogenic follicles were punctured, and carefully washed in PBS (pH 7 . 4) to remove the yolk.
RNA and genomic DNA isolation and cDNA synthesis Total RNA and genomic DNA were extracted using ISOGEN (NIPPON GENE, Tokyo, Japan). The cDNAs used as templates for RT-PCR were synthesized from 1 mg denatured total RNA using 5 mM oligo(dT) primer and 100 units M-MLV reverse transcriptase (Promega) in a 20-ml reaction volume with incubation at 42 8C for 1 . 5 h, and were subsequently diluted 6-fold. The cDNAs used as templates for rapid amplification of cDNA ends (RACE) were synthesized as described previously (Ikemoto et al. 2004 ).
Molecular cloning of the GnRH-I cDNA and gene using the synteny relationship The conserved synteny relationship between the gene encoding GnRH-I (GnRH-I) and the gene for potassium channel tetramerization domain containing 9 (KCTD9) (Okubo et al. 2002) was used to identify the molecular form of GnRH-I in the leopard gecko. PCR amplification was carried out using genomic DNA to obtain the sequence between the two genes. Degenerate primers, KCTD9-DS and GnRH-DA (Table 1) , were used for this amplification. All of the following PCR amplifications were performed in a 20-ml reaction mixture containing each primer at 1 mM, 0 . 25 units of TaKaRa Ex Taq (TaKaRa, Shiga, Japan), each dNTP at 250 mM, and Ex Taq Buffer (TaKaRa). The reaction conditions were as follows: 94 8C for 5 min followed by 45 cycles of 94 . 3 8C for 45 s, 60 8C for 25 s, and 72 8C for 4 min. The single PCR product was obtained by electrophoresis on a 1 . 0%
Tris-acetate-EDTA agarose gel, visualized with ethidium bromide staining on a FAS-III system (TOYOBO, Osaka, Japan), extracted using phenol and chloroform, and directly sequenced. This was independently repeated three times to avoid any PCR amplification 
GnRH-I R-DSerrors. After determination of the partial sequence of GnRH-I, the full-length cDNA sequence was determined by RACE according to the manufacturer's instructions using whole brain cDNAs obtained from three animals. Primers, I-1A and I-S (Table 1), were used for 5  0 -RACE  and 3 0 -RACE, respectively. The products amplified were sequenced as above.
The reminder of the sequence of GnRH-I was determined after PCR amplification with I-1S and I-2A (Table 1) . The reaction conditions were as follows:
94 8C for 5 min followed by 45 cycles of 94 . 3 8C for 45 s, 65 8C for 25 s, and 72 8C for 2 min.
Molecular cloning of the GnRHR cDNAs and genes
The whole brain cDNAs were amplified by 3 0 -RACE according to the manufacturer's instructions using R-DS (Table 1 ) to obtain partial sequences of GnRHRs. Two putative GnRHR sequences (designated GnRHRs 1 and 3) were identified in addition to the sequence previously identified (Ikemoto et al. 2004) . Full-length cDNA sequences were then determined by 5 0 -RACE using the whole brain cDNAs with R1-1A for GnRHR1 and R3-1A for GnRHR3 (Table 1) .
The genomic sequences of the genes encoding GnRHRs were determined after PCR amplification with R1-1S and R1-2A for GnRHR1, and R3-1S and R3-2A for GnRHR3 (Table 1) . The reaction conditions were as follows: 94 8C for 5 min followed by 45 cycles of 94 . 3 8C for 45 s, 65 8C for 25 s, and 72 8C for 2 min.
Transmembrane (TM) domains and N-linked glycosylation sites were predicted using the CBS prediction servers (http://www.cbs.dtu.dk/services/).
Cell culture, plasmid transfection, and ligand stimulation COS-7 cells were a generous gift from Cell Resource Center for Biomedical Research, Institute of Development, Aging and Cancer, Tohoku University (Sendai, Japan). COS-7 cells were maintained at 37 8C in a humidified atmosphere of 5% CO 2 /95% air in lowglucose Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% (v/v) fetal bovine serum (Invitrogen) .
The entire open reading frame (ORF) sequences of the cloned receptors were amplified using the whole brain cDNAs with R1-start and R1-end for GnRHR1 and R3-start and R3-end for GnRHR3 (Table 1) , and cloned into a mammalian expression vector, pcDNA3.1 (Invitrogen). To ensure efficient and similar translation for all the three GnRHRs, a Kozak consensus sequence (CGCCACC) was placed immediately upstream of the translation initiation codon (Table 1) . After confirmation of the sequences, each plasmid DNA was transiently transfected into monolayer cultures of COS-7 cells in 60 mm dishes using TransFast Transfection Reagent (Promega). After 24 h, the cells were serum-starved by replacing the medium with fresh DMEM without serum and further cultured for an additional 24 h. Subsequently, the cells were gently stimulated with a GnRH peptide for 30 min. The GnRH peptides used were chicken GnRH-I (cGnRH-I) and cGnRH-II (Sigma-Aldrich). At the end of the culture, the medium was removed, and cells were lysed with ISOGEN. Total RNA was isolated, and cDNA was synthesized as above. As a negative control, an experiment in which COS-7 cells were transfected with blank vector only and then treated with a GnRH peptide was also conducted. Experiments were performed independently at least three times. To examine whether the receptor expression levels were similar in replicate experiments, the cDNAs were amplified with R1-2S and R1-3A for GnRHR1, R2-S and R2-A for GnRHR2, and R3-2S and R3-3A for GnRHR3. PCR products were electrophoresed, visualized with ethidium bromide staining on a FAS-III system, and the optical densities of bands were determined using Scion Image for Windows (version beta 4.02) (Scion Corporation, Frederick, MD, USA). The amount of DNA transfected in single transfection experiments was 6 mg. The total amount of DNA transfected in co-transfection experiments was kept constant at 6 mg by the addition of blank vector. The data obtained were analyzed using GraphPad Prism software (version 3.0) (GraphPad Software, San Diego, CA, USA). Median effective concentration (EC 50 ) values and maximal response were estimated using nonlinear regression curve fit.
Construction of the competitor DNAs
The competitor DNAs for the competitive PCR were constructed as described previously (Ikemoto & Park 2007) . Briefly, the GnRHR competitor DNAs were constructed using the whole brain cDNAs from the leopard gecko with R1-2S and R1-CompA for GnRHR1, R2-S and R2-CompA for GnRHR2, and R3-2S and R3-CompA for GnRHR3. The c-fos competitor DNA was constructed using the cDNAs from COS-7 cells with 124-S and CompA (Table 1 ). The GnRHR sequences were amplified using the whole brain cDNAs from the leopard gecko with R1-2S and R1-3A for GnRHR1, R2-S and R2-A for GnRHR2, and R3-2S and R3-3A for GnRHR3. The c-fos sequence was amplified using the cDNAs from COS-7 cells with 124-S and 489-A. diluted RT product or genomic DNA was amplified in the presence of various amounts of competitor using R1-2S and R1-3A for GnRHR1, R2-S and R2-A for GnRHR2, and R3-2S and R3-3A for GnRHR3, and 124-S and 489-A for c-fos.
Molecular phylogenetic analysis and amino acid comparison of GnRHRs
The CLUSTAL X program (version 1.81) (Thompson et al. 1997) was used with default settings to align the entire ORF nucleotide and amino acid sequences. The phylogenetic tree of GnRHRs was constructed based on the nucleotide alignment using the neighbor-joining method (Saitou & Nei 1987) with the Mega software (version 3.1) (Kumar et al. 2004) . Bootstrap values were calculated from 1000 replications to estimate the robustness of internal branches. The amino acid sequence identities were calculated using the GeneDoc software (version 2.6.002; http://www.psc.edu/biomed/genedoc/).
Expression analysis of the GnRH ligand and receptor mRNAs
To identify sites where the cloned genes might be expressed and obtain clues about the potential functions of GnRH, the spatial expression patterns of the GnRH ligands and receptors were examined using the RT-PCR-sequencing method. Each RT product was amplified with I-2S and I-3A for GnRH-I, R1-2S and R1-3A for GnRHR1, R2-S and R2-A for GnRHR2, and R3-2S and R3-3A for GnRHR3. These primers were designed to span two exon-intron boundaries. For negative controls, PCR amplifications were also conducted using each RNA sample without the RT reaction. The conditions were as follows: 94 8C for 5 min, followed by 45 cycles of 94 8C for 40 s, 65 8C for 25 s, and 72 8C for 40 s. The PCR products were analyzed as above. Each DNA fragment was extracted from the gel and sequenced directly to confirm that it was derived from the corresponding mRNA. Seasonal expression changes of the GnRHR mRNAs in the anterior pituitary gland and ovary were quantified by competitive PCR as above.
In situ hybridization
To examine the cell type-specific expression of the GnRHR mRNA in the ovary during the egg-laying season, whole-mount in situ hybridization was performed using digoxigenin-labeled RNA probe, according to the manufacturer's instructions (Roche Diagnostics). For the template of RNA probe, the ovarian cDNA was amplified with R1-2S and R1-3A for GnRHR1, R2-S and R2-A for GnRHR2, and R3-2S and R3-3A for GnRHR3. Each product amplified was extracted as above, and cloned into a pGEM-T vector (Promega). As a negative control, experiments with a labeled sense probe were also conducted. Sections were stained with methyl green solution for counter staining the cells.
Results
Molecular identification of GnRH-I in the leopard gecko
The molecular form of GnRH-I in the leopard gecko was identified as cGnRH-I based on the conserved synteny relationship between KCTD9 and GnRH-I (Fig. 1) . The cDNA sequence data of the leopard gecko GnRH-I has been submitted to the DDBJ/EMBL/GenBank databases under accession no. DQ269480. The prepro-GnRH-I of the leopard gecko had structural characteristics of prepro-GnRH polypeptides: a signal peptide, a GnRH decapeptide (cGnRH-I), an amidation/proteolytic processing signal (glycine-lysine-arginine), and a GnRH-associated peptide (GAP). The signal peptide included a high proportion of hydrophobic amino acids, which is generally common for signal peptides of preproGnRH polypeptides in other species (Ikemoto & Park 2006) . The glycine-lysine-arginine sequence that followed the cGnRH-I decapeptide was identical to those of all the reported vertebrate prepro-GnRH polypeptides; the glycine residue is the standard donor of the amino group for carboxyl terminal amidation, and the dibasic sequence functions in proteolytic processing, as is also true for many neuroendocrine peptide precursors (Douglass et al. 1984) . Sequencing of the PCR-amplified leopard gecko GnRH-I revealed that it was composed of four exons (designated exons 1-4) separated by three introns at similar positions as found in other GnRHs (Fig. 1) . The exon-intron boundaries were determined by sequence comparison with the corresponding cDNA. All of the three 5 0 -and 3 0 -splice sites corresponded to the consensus sequences: 5 0 -GT (donor) and 3 0 -AG (acceptor) intron splice sites (Mount 1982) . The acacccctcccagcttcccaaggctggcagagctgaaggagagaagagggaccagctgggaggcacagcgtggtgactggcacag 85 agaggtgacacggctcgggaagaagcggctcctgataccggtgggcatcccaaacaacaggaggcagctggtggtcttgggtcgtccgtg 175
TTCCTCTTCCACACAATCACCATCAGCGCCCCTCAGAACTTCACCCAGTGCACCACCCGGGGATCCTTTGCCCAGCGCTGGCACGAGACG 805 F L F H T I T I S A P Q N F T Q C T T R G S F A Q R W H E T 210
Figure 2 Nucleotide and deduced amino acid sequence of the cDNA encoding GnRHR1 in the leopard gecko. Nucleotides (top) are numbered from 5 0 to 3 0 . The ORF is indicated by capital letters, and the 5 0 -and 3 0 -UTRs are indicated by lower case. Amino acid residues (bottom) are numbered beginning with the first methionine residue in the ORF. The asterisk indicates the stop codon. Putative seven hydrophobic TM domains are underlined. Putative N-linked glycosylation sites with high probabilities (CBS prediction server score O0 . 50) are indicated by diamonds. Arrowheads indicate the splice sites. The microdomain DRXXXI/V at the junction of TM3 and IC2 and the microdomain DPXXY in TM7 are depicted in open boxes. The most highly conserved residues in each helix in the Ballesteros-Weinstein numbering scheme (Ballesteros et al. 1998) three introns were located in the 5 0 -UTR, in the middle of GAP, and shortly upstream of the 3 0 -UTR, respectively. Exon 1 contained a part of the 5 0 -UTR. Exon 2 encoded the rest of the 5 0 -UTR, signal peptide, GnRH decapeptide, amidation/proteolytic processing signal, and a part of GAP. Exon 3 encoded the central portion of GAP. Exon 4 encoded the rest of GAP along with the 3 0 -UTR. The structure of all known vertebrate GnRHs is well conserved and is composed of four exons and three introns (Ikemoto & Park 2006) .
Identification of three types of GnRHRs in the leopard gecko
Two putative GnRHR sequences designated GnRHR1 and GnRHR3 were identified from the leopard gecko in addition to the sequence identified in our previous study (Ikemoto et al. 2004; Figs 2 and 3) . The cDNA sequence data of the leopard gecko GnRHR1 and GnRHR3 have been submitted to the DDBJ/EMBL/ GenBank databases under accession nos. DQ269481 and DQ269482. Exon-intron boundaries were determined by comparison between the genomic sequences and the sequences of the corresponding cDNAs. All three leopard gecko GnRHRs had seven hydrophobic TM domain structures, which is a characteristic of G protein-coupled receptors (GPCRs). All three GnRHRs had distinct genomic structures. GnRHR1, GnRHR2, and GnRHR3 consisted of 4, 5, and 3 exons respectively ( Fig. 4 ; Ikemoto et al. 2004) . All three GnRHRs in the leopard gecko contained three exons in the ORF (designated exons 1, 2, and 3) separated by two introns (designated introns 1 and 2) in TM4 and the third intracellular loop (IC3)
AGCTTTATCTGAagggacaggaggagtcacttgtctactctattctcacccttaaatattttgcctttgtttctggatgcaggcaactag 1724 Ikemoto et al. 2004 ). GnRHR1 and GnRHR2 had one and two additional introns before intron 1 respectively (Ikemoto et al. 2004 ). All of the 5 0 -and 3 0 -splice sites corresponded to the consensus sequences (Mount 1982) .
Pharmacological differences of the leopard gecko GnRHRs
GnRH induced c-fos expression in COS-7 cells transiently transfected with the leopard gecko GnRHR, in a dose-and ligand-dependent manner (Fig. 5) . Both cGnRH-I and cGnRH-II, native GnRH forms in the leopard gecko (Ikemoto & Park 2003) , upregulated cfos expression. Expression levels of receptors transfected were similar in replicate experiments. The enhancement at the highest dose tested was approximately 2 . 86-, 12 . 0-, and 3 . 92-fold over basal in cells with GnRHR1, GnRHR2, and GnRHR3, respectively ( Fig. 5 and Table 2 ). In cells with GnRHR1 and GnRHR2, cGnRH-II was 1 . 89-and 150-fold more potent than cGnRH-I, respectively (Fig. 5B and D and difference could be observed between cGnRH-I and cGnRH-II stimulations in cells with GnRHR3 ( Fig. 5F and Table 2 ). Cells transfected with blank vector alone did not show significant induction of c-fos expression (data not shown).
Molecular phylogenetic analysis of GnRHRs
The molecular phylogenetic tree of GnRHRs is shown in Fig. 6 . Vertebrate GnRHRs are classified into four types (1/III, 2/nmI, 3/II, and 4/mI) as described previously (Ikemoto et al. 2004 , Ikemoto & Park 2005a . Analysis using conserved seven TM domains yielded essentially the same tree topology. The three GnRHRs of the leopard gecko were divided into three types: 1/III, 2/nmI, and 3/II. The type 4/mI GnRHRs were definitely separated from other three types of GnRHRs by the tunicate GnRHRs used as outgroup.
Comparison of the deduced amino acid sequences of GnRHRs
The percentages of the entire ORF amino acid identities were calculated from the alignment of GnRHRs of the leopard gecko and other representative species (Table 3) . As inferred from the results of the phylogenetic analysis, each type of the leopard gecko GnRHR shared higher identities with GnRHRs of the corresponding type.
Expression of the GnRH ligand and receptor mRNAs in the leopard gecko
Single products were obtained from RT-PCR of GnRH-I, GnRHR1, and GnRHR3 in the leopard geckos of 1 year of age during the egg-laying season (Fig. 7) . The possibility of genomic contamination was eliminated by the observation of amplifications spanning two exonintron boundaries. No products were detected from any negative controls without the RT reaction. All the genes cloned in the present study showed different expression patterns, and were widely expressed both inside and outside the brain.
Seasonal expression changes of the GnRHR mRNAs in the anterior pituitary gland and ovary Figure 8 shows the expression of GnRHRs in the anterior pituitary gland and ovary of the leopard geckos of 1 year of age. The anterior pituitary gland expressed only GnRHR1. Meanwhile, the ovary expressed all the three GnRHRs. The expression level of GnRHR1 in the anterior pituitary gland after the egg-laying season showed an 88% decrease compared with that during the egg-laying season. In the ovary, the expression level of GnRHR2 increased 4-fold after the egg-laying season, and the other receptor types did not show significant expression changes. Figure 9 shows the expression of GnRHRs in the ovarian follicles of the leopard geckos of 1 year of age. Regarding GnRHR2, all the follicles during the egglaying season showed lower expression levels compared with the follicles in the corresponding hierarchical order after the egg-laying season. The largest follicle, designated F 1 , showed the lowest expression levels of all the three GnRHRs during the egg-laying season compared with the other follicles during and after the egg-laying season.
Spatial expression pattern of the GnRHR mRNAs in the ovary
In situ hybridization showed spatial expression patterns of the GnRHR mRNAs in the ovary of the leopard gecko of 1 year of age during the egg-laying season (Fig. 10) . Regarding GnRHR1, the antisense probe generated hybridization signals in granulosa cells, interstitial cells, and immature oocytes (Fig. 10A-C) . Regarding GnRHR2, the antisense probe generated hybridization signals in granulosa cells, theca cells, interstitial cells, and immature oocytes (Fig. 10D-F) . Regarding GnRHR3, hybridization signals were predominantly detected in granulosa cells (Fig. 10G) . Granulosa cell layers of larger follicles (F 2 and F 3 follicles) showed strong signals for all three receptor subtypes (Fig. 10A,  D 
and G). The sense probes produced no hybridization signals (data not shown).
Co-transfection of GnRHR subtypes showed a distinct pharmacology Figure 11 shows the GnRH-induced c-fos mRNA expression in COS-7 cells transiently transfected with multiple GnRHR subtypes of the leopard gecko. Co-transfection of GnRHR1 and GnRHR3 showed a decrease in estimated EC 50 values and/or an enhancement in the estimated maximal induction compared with each single transfection. The c-fos induction was observed at a lower dose ( Fig.11C and D; Table 4 ). Co-transfection of three GnRHR subtypes stimulated with cGnRH-I also resulted in a decrease in estimated EC 50 values and the c-fos induction at a lower dose ( Fig. 11G and Table 4 ). In contrast, all the other types of co-transfections showed intermediate levels of each single transfection (Fig. 11A, B , E, F, and H).
Discussion
In the present study, we aimed to clarify the molecular basis underlying the diverse functions of GnRH by examining the gene expression profiles of GnRHRs in a single organism. We identified two GnRH ligands and three GnRHRs from a reptile, the leopard gecko. There has been no study, except ours (Ikemoto & Park 2003 , Ikemoto et al. 2004 ), identifying full-length genes for GnRH ligand and receptor in reptiles. It had been hypothesized that reptiles have two GnRHR subtypes, and that one of the three GnRHR subtypes cloned in the present study (type 1/III GnRHR) does not exist in reptiles (Millar 2003) . All genes for GnRH ligands and receptors were expressed as full-length mRNAs that would produce functional GnRH decapeptides and heptahelical GnRHRs. Several reports demonstrated the presence of GnRH-like peptides in the brain of lizards (Powell et al. 1985 , 1986 , Montaner et al. 2000 ; however, the molecular forms of GnRH in lizards had remained unidentified because of the nonspecific cross-reactivities of antisera and the lack of peptide sequencing. The present study provided direct evidence of the molecular forms of GnRH in a reptilian species by gene sequencing, while a study of the American alligator provided such evidence based on peptide sequencing (Lovejoy et al. 1991) . The functionality of the cloned receptors was evaluated as described previously (Ikemoto & Park 2007) using the c-fos gene expression, which is conventionally used to monitor cellular activation (Shyamala et al. 1999 , Sakurai et al. 2002 , Rogers et al. 2005 . All three GnRHRs responded to endogenous GnRH ligands, cGnRH-I, and cGnRH-II with distinct maximal potencies and ligand selectivities. This is the first demonstration that reptiles have multiple types of functional GnRHRs. Differences in the pharmacology identified can be due to affinity differences of the receptors to the two GnRHs and/or differences in post-receptor signaling affecting the c-fos gene expression. A number of common features were conserved between the leopard gecko GnRHRs and other species' GnRHRs. In the leopard gecko GnRHRs, several potential sites for N-linked glycosylation were found in the amino-terminal extracellular domain. The microdomain NPX 2-3 Y in TM7 is highly conserved in the other rhodopsin/b 2 adrenergic receptor-like receptors (family A GPCRs). This motif has been reported to be involved in the internalization, agonist-induced receptor activation, and signal transduction of some GPCRs, including GnRHRs (Arora et al. 1996) . In all the vertebrate GnRHRs, including the leopard gecko GnRHRs, the asparagine residue of this motif is replaced by an aspartic acid residue (DPXXY). In most family A GPCRs, the two cysteine residues connect the first extracellular loop (EC1) and EC2 for the correct folding of the receptor (Gether 2000) . This putative disulfide bridge was conserved in all leopard gecko GnRHRs. The majority of family A GPCRs has a palmitoylated cysteine residue in the carboxy-terminal intracellular domain causing formation of a putative IC4 (Gether 2000) . A single or multiple cysteine residues were present in the carboxyl terminus of the leopard gecko GnRHRs. The most highly conserved residues in each helix in the Ballesteros-Weinstein numbering scheme (Ballesteros et al. 1998) were completely conserved in all leopard gecko GnRHRs. The arginine-cage motif, the microdomain DRXXXI/V at the junction of TM3 and IC2, is also highly conserved in family A GPCRs, and the arginine residue is required for efficient signal transduction (Ballesteros & Weinstein 1995) . Most family A GPCRs have a DRY sequence in this motif; however, as in the other species' GnRHRs, the DRY sequence was modified in the leopard gecko GnRHRs (DRQ in GnRHR1, DRH in GnRHR2, and DRR in GnRHR3) .
Molecular phylogenetic analysis showed that vertebrate GnRHRs were classified into four groups (types 1/III, 2/nmI, 3/II, and 4/mI) as described previously (Ikemoto & Park 2005a) . Data presented in Table 3 indicate that the leopard gecko GnRHR3 shares relatively high similarities with type 1/III GnRHRs. Types 1/III and 3/II GnRHRs were located much closer to one another than to other GnRHR subtypes in the phylogenetic tree. This suggests that types' 1/III and 3/II GnRHRs have evolved by duplication of a common ancestral gene. Type 3/II GnRHR has not been identified in bony fish, suggesting that this duplication event had occurred after the fish-tetrapods split, and that type 1/III GnRHR is much more similar to the ancestor. A previous study using genome databases of two pufferfish species strengthens this idea (Ikemoto & Park 2005a) . However, it is also possible and should be further examined that the duplication had occurred before the divergence of vertebrate classes and type 3/II GnRHR had been lost in the fish lineage. There are several classifications regarding the vertebrate GnRHRs using Roman or Arabic numerals (Troskie et al. 1998 , Wang et al. 2001a , Millar et al. 2004 . The classification and nomenclature of GnRHRs has not been unified yet. Frequently, the numerical designation of individual cloned GnRHRs in the database does not comply with their phylogenetic affiliation. The decisive difference between the Roman and Arabic classifications is whether mammalian type I GnRHRs is considered the orthologue of non-mammalian type I GnRHRs. This study employs the classification using Arabic numerals along with the Roman numerals. A demonstration of orthologous relationships requires chromosome-wide synteny relationships, not simply sequence similarities. Conservation of synteny is often seen among the genomes of vertebrate species, and this phenomenon allows the definition of orthologous and paralogous relationships (Ogoshi et al. 2003 , Ikemoto & Park 2005b . Therefore, detailed descriptions of synteny relationships will be useful to further investigate the phylogeny and evolution of this diversified GnRHRs.
All the GnRH ligand and receptor mRNAs were expressed in a wide range of tissues of the leopard gecko. This widespread expression is consistent with the previous findings in several species. In the North Expression of GnRH-I, GnRHR1, and GnRHR3 mRNAs in the leopard gecko. RT products were PCRamplified to span two exon-intron boundaries, and were analyzed by electrophoresis on agarose gels with ethidium bromide staining. The authenticity of the RT-PCR products was confirmed by direct sequencing of each band of the expected size. The lane labeled RT-minus represents the negative control using a male whole brain RNA sample without the RT reaction. M, molecular marker.
Pituitary and ovarian GnRH systems in a reptile . African catfish, ubiquitous expression of GnRH-II mRNA was observed in all tissues and organs tested (Bogerd et al. 2002) . A GnRHR was also ubiquitously expressed in the leopard gecko (Ikemoto et al. 2004) . Although the expression of GnRHR mRNA does not ensure that GnRH exerts some function there, the present results support the notion that GnRH may act as a neuromodulator in the brain (Adams & Brown 1980 , Jan et al. 1980 , Jones 1987 , Oka 2002 ) and a paracrine and/or an autocrine hormone outside the brain. In addition to the facilitation of gonadotropin secretion, GnRH is thought to have diverse physiological functions, including neuromodulation, gonadal regulation, immunomodulation (Wilson et al. 1995 , Chen et al. 2002 , cell proliferation regulation (Schally 1999 , and involvement in regulating other pituitary hormones in bony fish (Marchant et al. 1989 , Weber et al. 1997 , Mousa & Mousa 2003 , Parhar et al. 2005 . It is hypothesized that GnRH plays a paracrine/autocrine role in the regulation of gonadal development and function. Several studies have shown that GnRH agonists induce apoptosis possibly via receotors on granulosa cells in mammalian ovaries (Billig et al. 1994 , Parborell et al. 2005 . GnRH directly affected oocyte meiosis and follicular steroidogenesis in the goldfish ovary (Pati & Habibi 2000) . Similarly, it has also shown that GnRH induces apoptosis, and may play as a local factor in the control of spermatogenesis in the goldfish testis (Andreu-Vieyra & Habibi 2001 , Andreu-Vieyra et al. 2005 . GnRH may directly affect testicular steroidogenesis in the rat and frog (Hsueh et al. 1983 , D'Antonio et al. 1992 . It is noteworthy that two of three GnRHR subtypes (GnRHR2 and GnRHR3) could not be detected in the anterior pituitary gland of the leopard gecko. Low or null expression in the pituitary gland has been observed in several non-mammals (Madigou et al. 2000 , Wang et al. 2001a , Seong et al. 2003 , Ikemoto et al. 2004 , Ikemoto & Park 2005a . These results may suggest the existence of a GnRH system distinct from the wellknown hypothalamic-pituitary-gonadal axis, or the pituitary GnRH system. Both GnRHR2 and GnRHR3 could be detected using the whole pituitary gland but could not be detected using anterior pituitary samples, indicating that they are expressed in the posterior pituitary and/or intermediate lobe.
This study compared the ovarian GnRH system with the pituitary one in the leopard gecko. The decisive difference was the number of GnRHR subtypes expressed. Only one receptor subtype was expressed in the anterior pituitary gland both during and after the egglaying season. Meanwhile, all the three receptor subtypes were expressed in the ovary. The decreased expression of expression profile of multiple GnRHRs from different phylogenetic origins during the seasonal changes in the pituitary and ovary of any species. The present study also demonstrated the first quantitative differences in GnRHR expression among follicles arranged in a hierarchy inside individual ovaries. Seasonal and developmental variations in receptor expression detected in the anterior pituitary gland and ovarian follicles may contribute to the seasonal breeding of this animal. Further characterization of GnRH's role in the ovary will provide insights into the biological significance of the complex physiology of GnRH systems.
